Chemical studies on Hamelia patens (Rubiaceae) micropropagated plantlets allowed production of a new monoterpenoid oxindole alkaloid, named (-)-hameline (7), together with eight known alkaloids, tetrahydroalstonine (1), aricine (2), pteropodine (3), isopteropodine (4), uncarine F (5), speciophylline (6), palmirine (8), and rumberine (9). The structure of the new alkaloid was assigned on the basis of 1D and 2D NMR spectroscopy, mass spectrometry, and molecular modeling.
Hamelia patens Jacq. (Rubiaceae) is commonly known as chacloco, chichipince, coralillo, firebush, or xcanaan. This semi-woody shrub grows in the humid tropical forest located in the southeastern region of Mexico and Central America, where the aerial parts extracts have traditional usage [1] . Chemical studies have shown the presence of the monoterpenoid indole alkaloids tetrahydroalstonine (1), aricine (2) , and mitrajavine [2, 3] , and the monoterpenoid oxindole alkaloids (MOA) pteropodine (3), isopteropodine (4), speciophylline (6) , palmirine (8) , rumberine (9) , maruquine, and isomaruquine [4, 5] . Methanol extracts of the leaves of H. patens, rich in MOA, play an important role in the relaxation of the rat myometrium [6] , while palmirine (8) and rumberine (9) display in vitro activity against Leishmania mexicana [3] . Crude extracts of the leaves and roots show cytotoxic activity against HeLa, SiHa, and MDCK cancer cell lines [7] . Pteropodine (3) and isopteropodine (4) modulate the functions of M 1 muscarinic and 5-HT 2 receptors [8] , and have antioxidant and antimutagenic properties [9] . In vitro cultures are sustainable methods for vegetative plant propagation that can be applied to production and biosynthetic studies of pharmacologically relevant metabolites [10] . Such culture systems may provide some advantages for finding differences in the alkaloid production profile with respect to the wild plants [11] . Shoots of Cinchona ledgeriana [12] , micropropagated plants of Rauwolfia serpentina [10] and Ophiorrhiza rugosa [13] have shown encouraging results for alkaloid production. A few in vitro cultures of Rubiaceae have been established, frequently requiring addition of antioxidants and selected growth regulators for their development and adaptation [14] . Reverse phase HPLC fractionation of the MeOH extract of petiolated leaves of H. patens yielded the new alkaloid 7 together with the eight known alkaloids 1-6, 8 and 9 [5, [15] [16] [17] [18] related pteropodine (3) [19] . The 1 H NMR spectrum of 7 in CDCl 3 showed a distinctive signal for one vinylic hydrogen atom at δ 7.48 (H-17), which was shifted higher field due to the influence of the ester group at C-16, and three signals for aromatic protons at δ 6.80, 6.72 and 6.72 forming an AB 2 system attributed to the 1,2,4trisubstituted benzene ring that resembled the spin system found in palmirine (8) . These three signals were observed as a first-order system in the spectrum recorded in CD 3 OD that displayed at δ 6.94 a double doublet for H-9 (J 9,11 = 2.2, J 9,12 = 0.5 Hz), at δ 6.89 a double doublet for H-12 (J 9,12 = 0.5, J 11,12 = 8.5 Hz), and at δ 6.85 a double doublet for H-11 (J 9,11 = 2.2, J 11,12 = 8.5 Hz). The 1 H NMR NPC Natural Product Communications 2012 Vol. 7 No. 11 1441 -1444 spectrum of 7 in CDCl 3 also showed a double quartet at δ 4.54 (J 18,19 = 6.3 Hz, J 19,20 = 10.5 Hz), assigned to H-19 from the COSY spectrum, two methoxy groups at δ 3.82 and 3.61, and a secondary methyl group at δ 1.40 (J 18,19 = 6.3 Hz), which were consistent with a monotepenoid oxindole alkaloid having two OMe groups. The chemical shifts and coupling constants of the aliphatic region of 7 resembled those found in 3 [16] , reflecting that both substances may possess the same stereochemistry. The 13 C NMR spectrum displayed twenty-two signals that were assigned on the basis of gHSQC and gHMBC experiments. In particular, the gHSQC spectrum was very useful to assign the sp 3 region, where three methyl groups, four methylene and four methine signals were recognized, while the use of gHMBC correlations summarized in Table 1 provided the information to confirm the structure and spectroscopic assignments of the new natural product. Three key NOESY correlations in combination with a molecular model of 7 (Figure 2 ) obtained by Density Functional Theory calculations (DFT) at the B3LYP/DGDZVP level were useful to support its stereochemistry. The first correlation was observed between H-3 and H-9 in agreement with the distance measured in the molecular model (2.60 Å). The second correlation was found between CH 3 -18 and H-21β, in agreement with the distance between this last atom and the nearest hydrogen atom of CH 3 -18 (2.27 Å); and the third was found between H-14β and H-19 with a distance of 2.31 Å. In addition, NOESY correlations of CH 3 -24 with H-9 and H-11 confirmed the presence of rotamers for the methoxy group at C-10. The absolute configuration of hameline (7) was supported by the calculated optical rotations [20] at the sodium D-line for its most relevant conformers. The Boltzmann-averaged theoretical value using the optimized structures was [α] D = -113.74 (Table 2) (7) showing key NOESY interactions.
It is interesting to note that hameline (7) is the C-7 epimer of palmirine (8) , completing the series of four compounds formed by pteropodine (3), isopteropodine (4), hameline (7) , and palmirine (8) . The chiral centers, taking into account the traditional numbering ( Figure 1 ), are denoted as (3S,7R,15S,19S,20S) for 3 and 7, and (3S,7S,15S,19S,20S) for 4 and 8. Also, three additional diastereoisomers of 7 have been reported, two which differ in absolute configuration at C-20 (3S,7S,15S,19S,20R and 3S,7R,15S,19S,20R) [22] , and one, whose stereochemistry was not elucidated, but differs in the sign of the optical rotation with respect to 7 [23] . It is also worth mentioning that uncarine F (5) was not previously detected in H. patens. All isolated products were identified by their NMR, UV and mass spectral data and employed as reference substances for an adequate HPLC-PAD quantification of each component present in the extracts of plantlets. When micropropagation of H. patens plantlets was initiated from the apical or axillary binodal explants in the NNm medium, regenerated plantlets were obtained with a rapid formation of roots during the first week. After 2 months, plantlets from apical explants reached a longitudinal growth of 9.5 ± 0.8 cm while those from axillary binodal explants reached 6.8 ± 0.9 cm. Plantlets of H. patens were developed without both growth regulators and antioxidants, providing a convenient biotechnological alternative for MOA production. Furthermore, H. patens micropropagated plantlets could be transferred to soil after 2.5 months generating a large number of plants. On average, total MOA content was two times higher in leaves of micropropagated H. patens plantlets than in the leaves of wild plants ( Table 3 ). The specific MOA profile of both materials is similar with respect to the content of uncarine F (5), palmirine (8) , and rumberine (9), while pteropodine (3), isopteropodine (4), speciophylline (6) and hameline (7) were 2.99, 2.65, 2.30 and 1.62 times higher in the in vitro plantlets, respectively. In the analyzed plants and plantlets, the amount of non-10-methoxylated alkaloids pteropodine (3) isopteropodine (4), uncarine F (5), and speciophylline (6) represents more than 70% of the MOA in agreement with previous reports for Mexican specimens [6] .
It has been postulated that secologanin and tryptamine form strictosidine, which yields tetrahydroalstonine (1) by further biosynthetic steps [24] . Also, it is known that in Mitragyna species Oxindole alkaloids from Hamelia patens Natural Product Communications Vol. 7 (11) 2012 1443 [25] , pteropodine (3) and isopteropodine (4) can be formed by oxidation of the monoterpenoid indole alkaloid 1. By analogy, in Hamelia patens, pteropodine (3) and isopteropodine (4) can be biosynthesized from tetrahydroalstonine (1) . The presence of aricine (2) (10-methoxytetrahydroalstonine) in H. patens suggests that this substance could be the precursor of the corresponding 10-methoxylated MOA hameline (7) and palmirine (8) . Compound 2 could be formed from 1 by an oxidative sequence involving a hydroxylase followed by an O-methyltransferase, as occurs for 16-methoxytabersonine in Catharanthus roseus [26] . In summary, chemical studies on the secondary metabolites of H. patens afforded a new oxindole alkaloid (7) whose structure and stereochemistry was established by spectroscopic means. The MOA profile of micropropagated plantlets shows that this system is capable of producing the alkaloids found in the corresponding wildtype plant. Stereoisomer 7 and the eight known related alkaloids 1-6, 8, and 9, furnish a chemical series that can be useful for the study of the biogenesis of monoterpenoid oxindole alkaloids in Rubiaceae.
Experimental

Plant material and micropropagation method:
Hamelia patens specimens were identified by Dr Helga Ochoterena Booth, from the Instituto de Biología, Universidad Nacional Autónoma de México. Seeds of H. patens were collected from Mapastepec, Chiapas (N 15º 26' 22" W 92º 54' 07" at 48 m. a. s. l.) in August 2009, disinfected for 1 min in 90% EtOH, and germinated in glass flasks containing a modified Nitsch and Nitsch medium (NNm) [27] (with 950 mg/L NH 4 NO 3 and 720 mg/L KNO 3 ) supplemented with 2% sucrose and 2 g/L Gelrite at pH 6.3 prior to sterilization. Cultures were incubated under 16/8 h light-dark cycles (cool white fluorescent light 8.78 µmol -2 s -1 ) and 25 ± 2°C. After 2 months, apical or axilliary binodal explants were transferred to glass flasks containing 25 mL of NNm medium and incubated at 25 ± 1°C under the same conditions for 2 more months before the analyses. Additionally, micropropagated plantlets were successfully transferred to a pot containing dark soil and expanded perlite in 2:1 relation and grown under 16/8 h light-dark cycles and 30 ± 2°C.
HPLC-PAD analysis of alkaloids:
Petiolated leaves (0.5 g, fresh wt) of micropropagated plantlets of 2 months and petiolated leaves (0.5 g, fresh wt) of wild-type H. patens collected from the same location (Mapastepec, Chiapas, Mexico), as described above, were pulverized in the presence of liquid N 2 , extracted with 50:50 MeOH-90 mM potassium phosphate buffer pH 6 (0.5 mL) for 15 min under sonication, and centrifuged for 5 min at 6000 rpm. Samples were injected into a HPLC-PAD Varian ProStar 330 equipment with a Merck Hibar RP-18 column (4 × 250 mm) using 40:60 CH 3 CN-10 mM phosphate buffer pH 7 at 0.7 mL/min as the mobile phase. The alkaloids were identified by comparison of the UV curves and retention times with those of the standard alkaloids. For quantification of MOA, isopteropodine (4) was used as the standard to determine the calibration curve, which had a correlation coefficient (R 2 ) of 0.99. UV spectra were recorded for each peak, which showed the following retention times with the analytical column: rumberine (9) 6.7; speciophylline (6) Hameline [(1'S,3R,4'aS,5'aS,10'aS)-1,2,5',5'a,7',8',10',10'a- 
